Assessment of cerebral perfusion on patients with subarachnoid haemorrhage (SAH) in the Neurologic Intensive Care Unit is difficult since nuclear medicine imaging modalities capable of measuring cerebral blood flow (CBF) are not generally available. We performed 101 quantitative (ml/100g-min) bedside CBF measurements on 40 individual patients to correlate SAH grade with CBF and to assess the effect of surgical intervention on CBF. Global CBF (G-CBF) and bihemispheric CBF (B-CBF) asymmetry were correlated with the grade of SAH pre-and post-operatively.
Introduction
Subarachnoid haemorrhage (SAH) as a sequela of aneurysmal rupture 2, 10 frequently leads to severe neurologic impairment 8, 17 . Patients with this condition require aggressive management in the neurologic intensive care unit (NICU). Although transmission computed tomograpy (CT) may demonstrate SAH or intracerebral haemorrhage, generally it cannot provide physiologic information concerning cerebral blood flow (CBF) 1. After admission to the NICU, further evaluation of CBF by radiographic imaging modalities such as Xenon CT, Single Photon Emission Computed Tomography (SPECT), or Positron Emission Tomography (PET) becomes difficult due to the difficulties in patient transportation to the scanning areas 5 ' 6, 12 Measurement of CBF at the bedside can provide useful prognostic and diagnostic information and eliminate the need for moving unstable patients. There have been numerous publications relating CBF with the clinical grade of SAH 14, 15, 19, 20 and prognosis of initial CBF measurement with clinical course 3. The effect of aneurysmal surgery on bedside CBF measurements in a large series of patients followed longitudinally over time is presented in this report.
In order to determine the correlation between bedside CBF measurements and the SAH grade as well as to assess the effect of aneurysmal surgery on CBF, we performed serial studies on patients during their preand post-operative course in the NICU. We employed the 133Xenon clearance technique t, 11,16,18, 22, obtaining a total of 101 measurements on 40 individual patients at the bedside to determine global and bihemispheric CBF measurements. We hypothesized that higher SAH grades should correlate with lower global CBF(G-CBF) values and greater bihemispheric CBF(B-CBF) asymmetry due, in part, to a greater degree of cerebral artery vasospasm.
Methods
Patients were selected for the study over a three year period. Since a non-invasive portable CBF measurement system was utilized, nearly all patients with an aneurysm could be examined, and the results therefore reflect a random selection of patients during this time period. A total of I01 bedside CBF determinations were performed on 40 patients admitted with SAH secondary to aneurysmaI rupture (26 females, 14 males: age range 26-78 years, mean -54) utilizing a 10 probe detector system (Novo Diagnostics 10 a Cerebrograph) 2~. Five scintillation detectors were placed adjacent to the head over each hemisphere, surrounding the Sylvian fissure superiorly and inferiorly. Each bank of detectors was fixed in position in a adjustable frame which permitted reproducible positioning on each patient by reference to the external auditory canal and the lateral canthus 11. Serial CBF values were obtained over the course of the patient's hospitalization (total number of studies per patient ranged between 1 and 6, length of hospital stay ranged between 1 and 52 days). Each patient was injected with approximately 30 mCi of 133Xenon dissolved in sterile saline and the arterial input curve to the brain was determined by measuring the expired alveolar 133Xenon gas concentrations. The brain counts and the alveolar gas concentrations were deconvolved utilizing the Novo I0a Cerebrograph on board computer to yield average CBF values (M2 model, CBF-15) in ml/100gm-min 2~. Utilization of this method measures both fast CBF and slow cerebral blood flow compartments and virtually eliminates components of flow activity from the scalp 16. Count rates were statistically adequate, with each brain detector recording between 1500 and 3000 counts per 5 second interval at peak cerebral uptake 21 The initial CBF study and each subsequent follow-up study was performed after the following clinical data was obtained: age and sex of patient; grade of SAH (Hunt and Hess)7; Glasgow Coma scoreg; mental status; blood pressure; heart rate; hematocrit; PaCO2; extent and duration of hypervolemic therapy; medical management requirements; location of aneurysm; and side of craniotomy. When possible, a computed temographic scan was also performed.
Patient management consisted of hypervolemic therapy and agents to reduce cerebral oedema (Mannitol and Decadron). The patients entered into the study had normal blood pressure, PaCO 2 values, and hematocrits at or above the lower limits of normal. Patients studied had approximately 50% right and 50% left frontoparietal craniotomies for surgical aneurysm clipping. The aneurysms were predominantly located in the junction of the internal carotid artery and Circle of Willis, anterior communicating artery (predominantly at its branches), anterior cerebral artery (predominantly at it branches), and middle cerebral artery (predominantly at its branches). No posterior aneurysmal patients were studied.
In order to compare G-CBF values and B-CBF asymmetry longitudinally pro-and post-operatively, patients were combined into two groups according to the Hunt and Hess scale. The good neurologic class corresponded to Hunt and Hess grades 0 to 2 (number of studies = 54), and the poor neurologic class corresponded to Hunt and Hess grades 3 and 4 (number of studies = 47). To compare pre and post surgical CBF values patients were placed in time bin intervals of 0 to 3 days pro-operatively (n= 19 studies, 17 patients), 3 to 7 days pre-operatively (n= 14 studies, 8 patients), and 7 to 14 days pro-operatively (n= 15 studies, 10 patients) and 0 to 3 days post-surgery (n= 24 studies, 24 patients), 3 to 7 days post-surgery (n = 15 studies, 13 patients), and 7 to 14 days post-surgery (n = 14 studies, 8 patients). Data analysis was performed using the Students T-test, and errors are expressed as standard errors of the mean (SEM) unless otherwise stated.
Results
The results show a decrease in G-CBF with grade of SAH, with pro-operative low-grade SAH demonstrating higher G-CBF [mean = 44. (Fig. 1) . CBF in patients with low-grade SAH showed on average significant improvement post-operatively [mean = 49.5• during the first 2 weeks compared with pre-operative studies [mean = 44.1 4-.7], P < .05 (Fig. 1) . Comparing CBF in patients with high-grade SAH, there was no significant difference between G-CBF pre-operatively [mean = 34.1+ 1.7] and one week post-operatively [mean = 37.7+.39], P>.05 (Fig. 1) .
Pre-operatively, patients with low-grade SAH had significantly lower differences in CBF percent asymmetry (Fig. 2) . Post-operatively, patients with high-grade SAH showed no significant difference in CBF asymmetry during the first week compared with pre-operative values (P > .05) (Fig. 2) .
The use of bedside CBF measurements in the NICU is a valid and useful method of quickly and repeatedly assessing CBF in patients with subarachnoid haemorrhage and to determine the post-operative changes of CBF in these patients.
Discussion
Previous studies of SAH have demonstrated a decline in G-CBF values with higher grades of SAH 9 12. There have also been reports correlating prognosis of SAH grade, extent of cerebral vasospasm, and neurologic deficit 14 using the 133Xenon clearance technique. Other studies assessed the cerebral blood flow patterns pre-and post-operatively and found low flows to be associated with poorer clinical grades, with improvement post surgery 13' 23. These reports are in agreement with our findings.
In our study, emphasis was extended on post-operative changes of G-CBF using a portable CBF measurement device which could be brought to the patients bedside in the NICU within minutes of the requested examination. The determination of G-CBF was objectively assessed at the bedside utilizing the 133Xenon clearance technique. The results of the bedside G-CBF measures reported here are in agreement with prior studies performed in the radiology department 9' 12, is Our results support the accuracy of bedside CBF measures, thus avoiding transportation from the NICU to the radiology department. The results demonstrate that patients with low-grade SAH show significant increases in G-CBF during the first two weeks post-operatively. The data also show that patients with high-grade SAH have low G-CBF values and high B-CBF asymmetry values. These latter patients only showed a modest trend to increase G-CBF during the first week postsurgery as compared to pre-surgery.
